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摘  要 
本论文结合科研项目，针对 III-V 族氮化物中存在的极化电场，自洽求解薛
定谔方程和泊松方程。提出了利用及消除极化电场的方法，为 GaN 基 LED 工艺





2. 根据极化电场使能带发生摆动，提高 Mg 杂质的离化率，增大空穴浓度，提
出利用 InGaN/AlGaN 超晶格做 GaN 基 LED 的 p 型接触顶帽层，降低欧姆接
触电阻并充当电流扩展层作用。计算比较相同 Mg 掺杂条件下 InGaN/AlGaN、
AlGaN/GaN 和 InGaN/GaN 三种超晶格的能带结构、Mg 受主电离情况和平均
空穴浓度。同时计算得到 Mg 掺杂浓度的 佳值， 后实验上实现了良好的
p 型欧姆接触。 
3. 根据 GaN 基 LED 量子阱中存在的极化电场使电子空穴发生分离，从而降低
复合几率，提出了 In 组份调制的方法，抵消部分极化电场，从而提高复合几
率。 后通过变温 PL 谱测量 LED 的内量子效率。 
本文所提出的利用和消除 GaN 基 LED 中的极化电场的方法，主要创新之处
在于利用 InGaN/AlGaN 中更强的极化效应提高 Mg 杂质的电离率，以及 In 组分






















Based on the polarization effect in III-V nitride, we solve self-consistently the 
Schrödinger and Poisson equation. Both utilization and elimination of the polarization 
field are proposed. Experimentally, specific contact resistance to p-GaN is reduced 
and internal quantum efficiency of LED is improved. The main work we have done 
are listed as follows, 
1. Solving self-consistently the Schrödinger and Poisson equation under the 
influence of polarization fields via computer simulation. Eigenfunction of the 
electron and hole and their corresponding eigenvalues are investigated. The 
simulation can be generalized to solve the time-independent Schrodinger 
equations with arbitrary potentials. 
2. As polarization field lead to oscillation of the valence band edges, result in 
enhancement of Mg ionization and improvement of hole concentration, 
InGaN/AlGaN superlattice strained-layers (SLS) is introduced as a cladding layer 
for GaN based LED. The SLS can reduce specific contact resistance and served 
as a current spreading layer. The band structure, ionization of Mg and averaged 
hole concentration of InGaN/AlGaN, InGaN/GaN and AlGaN/GaN SLS are 
compared at the same Mg doping level. The Optimal Mg doping level is also 
given. Experimentally, lower specific contact resistance to p-GaN is realized. 
3. To overcome the separation of electron and hole due to the polarization filed, In 
composition modulated LED is proposed. It can counteract part of the 
polarization and improve the recombine rate of electron and hole. The IQE of the 
LED is measured by variable temperatures PL.  
This dissertation presents the utilization and elimination of the polarization field 
in GaN based LED, the main innovation of this paper is that we use InGaN/AlGaN 
SLS to obtain relative higher hole concentration, and use gradual changed In 
composition to get to get a better band structure for LED. 
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1969 GaN by HVPE 
1971 MIS LED GaN by MOCVD 
1974 GaN by MBE 
1983 AlN buffer layer by MBE 
1986 Specular films using AlN buffer 
1989 p-type Mg-doped GaN by LEEBI and GaN p-n junction LED 
1991 GaN buffer layer by MOCVD 




Theoretical prediction of piezoelectric effect in AlGaN/GaN 
1994 
InGaN/AlGaN DH blue LEDs (1 cd) 
Microwave GaN MESFET 




AlGaN/GaN HEMT by MBE 
p-n GaN photovoltaic detector 
1996 
Doped channel AlGaN/GaN HEMT 
Ion-implanted GaN JFET 















1997 Quantification of piezoelectric effect AlGaN/GaN HEMT on SIC 
1998 1st AlGaN/GaN HBT 1st GaN MOSFET 
1999 visible blind AlxGa1-xN photodiodes use of superlattices for enhanced p-type doping in AlGaN 
2000 Shortest wavelength AlxGa1-xN photodiodes (227nm) 
2002 280 nmUVLED 
2003 265 nmUVLED 
2004 back-illuminated solar-blind AlGaN photodiode with external QEZ 68% at 0V 
2005 back-illuminated solar-blind AlGaN avalanche photodiodes 
2007 back-illuminated linear mode GaN avalanche photodiodes 
2008 1st back-illuminated APD with δ-doped p-GaN 
1.2 III-V 族氮化物材料特性简介 
III-V 族氮化物主要是以铝铟镓氮（AlInGaN）系列材料为主，包括 GaN、
AlN、InN、AlInN、GaInN、AlInN 和 AlInGaN 等。InN 的能隙为 0.78 eV，AlN
的能隙为 6.25 eV[12]，其禁带宽度覆盖了红光到紫外光间的光谱，图 1-2 为 III-V
族氮化物材料的禁带宽度和晶格常数，其中 InN 的禁带宽度由原来的 2.0 eV 修
正到 0.78 eV。III-V 族氮化物都是直接带隙的材料，无论我们如何调整其组成的
成分和组分含量都不会造成发光效率的大幅降低。因而它适用于制作高效发光元





























表1-2  III-V族氮化物的材料的基本性质和重要参数[12] 
参数 GaN AlN InN 
晶格常数(T=300 K)：a(Å) 







禁带宽度 Eg(eV) 3.510 6.25 0.78 
禁带温度系数：α(meV/K) 







自发极化常数：Psp(C/cm2) -0.034 -0.090 -0.042 







































电子有效质量：me(m0) 0.2 0.33 0.2 
空穴有效质量：mhh(m0) 1.1 3.53 1.1 
相对介电常数：εr 10.4 10.4 14.6 
熔点(℃) 1700 3000 1100 
电子迁移率：(cm2/Vs) 1000 135 3200 




















































衬底 晶体结构 失配度（Δa/a） 热膨胀系数（104/K,300K） 
Al2O3 六方 14% 7.5 
6H-SiC 六方 3.5% 4.2 
Si 立方 17% 3.59 
ZnO 六方 1.9% 2.9 



















1.3.2 GaN 材料外延生长设备 










的Si源和p型掺杂的Mg源，掺杂浓度 大值均可以到1020 cm-3数量级。 





















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
